I. Leucocyte ascorbic acid concentration was measured in ninety-one paraplegic patients and in forty-one control subjects. Patients and controls were subdivided into males and females, and into smokers and non-smokers.
In scurvy the healing of wounds is grossly impaired owing to failure of collagen synthesis. Deficiency of ascorbic acid must be severe before healing is inadequate but stresses of various kinds increase the requirement for vitamin C. There is evidence that impaired collagen formation in scurvy is related to thc concentration of ascorbic acid available in the tissue but the findings relating the quality of healing to the degree of tissue saturation are not conclusive (Gould, 1963; Schwartz, 1970) .
In previous studies (G. H. Ungar, personal communication; Hunter & Rajan, 1971 ) urinary saturation tests have revealed mild vitamin C depletion in some paraplegics. I n addition, large oral doses of ascorbic acid given to two patients resulted in a marked increase in the collagen content of connective tissue at the edge of their pressurc sores (Hunter & Rajan, 1971 ).
The present work was undertaken with a view to extending these observations to a larger numbcr of patients using leucocyte ascorbic acid (LAA) concentration as a measure of tissue saturation in the hope of further defining the relationship between vitamin C and wound healing. LAA concentration is accepted as the best index of body stores of vitamin C (Booth & Todd, 1970; Schwartz, 1970) and does not alter with age, but is lower in men than in women, and in smokers than in nonsmokers (Brook & Grimshaw, 1968 outside the range 17-65 years. Thirty-three of the patients studied (twenty male and thirteen female) had pressure sores. Forty-one members of the hospital staff, twenty male and twenty-one female, acted as control subjects.
Ten of the patients with sores were studied by biopsy before and after a course of 500 mg ascorbic acid, or a placebo, given twice daily for 3 d. One (patient 6) was a 27-year-old man who had developed a small sacral sore 10 weeks after becoming paraplegic. The others had been paraplegics for 2-21 years and had been admitted to the National Spinal Injuries Centre for treatment of their sores. Details of the patients studied are given in Table I .
Biopsy consisted of the excision of a small wedge of tissue from the edge of the sore. The second biopsy sample was taken from the same sore and from an area similar to, but not immediately adjacent to, the first. At the same time a sample of venous blood was taken for measurement of haemoglobin, serum protein and LAA concentration. The tissue was fixed in formol saline and 6,um sections were stained with haematoxylin-eosin, toluidine blue and azan-aniline blue to show the collagen content and pattern of fibrous tissue.
The first five patients from whom biopsy samples were taken received one 500 mg tablet of ascorbic acid twice daily. Of the remaining five patients, two received tw7o gelatine capsules containing 250 mg ascorbic acid twice daily, and three received the same number of identical capsules which contained lactose instead of ascorbic acid. The gelatine capsules were coded and the coding was unknown to the observer (K. T. R.) examining the tissue sections. The two biopsy samples from each patient were compared and an increase in the intensity of staining for collagen was graded as + (definite) to + + + (very marked). No change or doubtful was recorded as -. Table 2 shows the results of the LAA determinations. Patients and control subjects were subdivided on the basis of smoking habits and sex, and in addition the patients were grouped into those with pressure sores and those without. Statistical significance was tested for using Student's t test. In the control subjects mean results for males were lower than for females and they were lower for smokers than for non-smokers, but the difference was significant only in that female non-smokers had significantly higher LAA concentrations than male non-smokers (P < 0.05). Comparison of each group of patients with the corresponding controls reveals that mean results were lower in the patients than in the controls and lower in the patients with pressure sores than in those without sores. LAA concentrations of the male patients with sores who smoked were significantly lower than those of the corresponding control subjects ( P < o -o~) , and the same was true of the non-smoking female patients both with and without pressure sores ( I ' < o'oj). LAA concentration was not related to the patient's age, to the duration of the paraplegia or to the level of the spinal cord lesion. Thc LAA concentrations of the patients from whom biopsy material was obtained are given in Table I . Before treatment the LAA concentrations mere in the range 8-28 pg/IoS white blood corpuscles (WBC). The biopsy samples obtained from the patients given ascorbic acid all showed a positive histological response, although it was confined to the connective tissue immediately adjacent to the epithelium and was not observed in the deeper tissue. The degree of response was not related to the initial or final LAA concentration or to the difference between them, nor was it related to the serum protein or blood haemoglobin concentrations. No response was observed in the biopsy material from the patients given the placebo.
Typical histological pictures before and after the administration of ascorbic acid are shown in P1. I (+ + + response).
D I S C U S S I O N
LAA concentrations in paraplegia The numbers of subjects in the control groups were small but the LAA values obtained agree well with those reported by Brook & Grimshaw (1968) using the same method.
The results obtained for the patients confirm the findings in an earlier experiment using urinary saturation tests in which the time taken to reach saturation in controls, paraplegics without sores and paraplegics with sores was 2-5,4-3 and 5-4 d respectively (Hunter & Rajan, 1971 ). Other workers have found that LAA Concentrations were lower in patients who had been in hospital for a long time than in patients who had been in for only a short time, and that elderly persons living in institutions had lower LAA concentrations than those living at home (Booth &Todd, 1970) . The tissue concentration of vitamin C in the paraplegics studied by us was similar to that reported for the ' long-stay ' patients, and the paraplegics at this Centre are probably a typical in-patient population in this respect.
Children with spina bifida have been observed to have subclinical deficiency of Vol. 28
Ascorbic acid and pressure sores 279 given ascorbic acid when the LAA concentration was bclow 15 ,ug/Io8 WBC. I n our patients the LAA concentration was below this value in sixteen (31%) of the fifty-two male patients and in five (130/0) of the thirty-nine female patients (see Table 3 ). On this basis the incidence of hypovitaminosis C in males and females combined was 23 %.
The present recommended daily intake of vitamin C for adults is 30 mg (Department of Health and Social Security, 1969). Crandon, Lennihan, Mikal & Reif (1961) recommended zoomgid to cover the stresses of surgery. This level of intake may also be indicated for paraplegic patients.
Vitamin C and the healing of pressure sores
In experimental studies of wound healing in animals, tissue collagen content is measured by chemical determination of hydroxyproline (after hydrolysis). This determination was not done in the present study because the biopsy samples were very small and contained varying proportions of epidermis. Care was taken to ensure that each pair of biopsy specimens received identical treatment for fixing and staining.
I n all the seven paticnts given vitamin C the samples from the second biopsy stained for collagen more intcnscly than those from the first. It is well known that secondary wounds show accelerated healing compared with primary wounds, owing in part to increased collagen formation (Kowalewski, Russell & Heron, 1970) . In the three patients given a placebo there was no discernible difference between the material from the two biopsies, showing that where the effect was observed it was not produced by the trauma of the first biopsy.
A pressure sore is produced by local ischaemia followed by tissue necrosis. Healing is often very slow and is dependent on a multiplicity of factors, which may include local pressure and infection, the depth of the sore, the presence of necrotic tissue, the nutritional status of the patient, antibiotic or steroid therapy (Schiff, 1969) , environmental temperature (Cuthbertson & Tilstone, 1969) , and the availability of zinc (Davies, 1968) and ascorbic acid. Ascorbic acid is essential for the normal metabolism of fibroblasts and is involved in the hydroxylation of peptide-bound proline. I n severe vitamin C deficiency wound hcaling is impaired, but the precise relationship between the tissue concentration of ascorbic acid and the quality of healing has not been established.
Crandon et al. (1961) found an eightfold higher incidence of wound dehiscence when the white cell/platelet content of ascorbic acid at the time of surgery was below 8 mg/Ioo g. Thus this value represents the limit of serious deficiency, but is difficult to relate to our values owing to the use of a different method. The mcan value obtained by these workers in control subjects was 15-0 mg/Ioo g. There is somc cvidence for a beneficial effect of very high dosage with the vitamin. Rlemm (1967) found that local application of ascorbic acid produced an increase in wound tensile strength in dogs that presumably had normal tissue concentrations inasmuch as dogs normally synthesize all their needed vitamin C. Abt, von Schuching & Roe (1959) found that guinea-pigs given 90 mg/d had a greater wound tensile strength than animals maintained on 30 mg/d, although the lower dose was sufficient to produce tissue saturation, and the main increase in wound strength was obtained in going from o to 6 mg/d.
The dosage of vitamin C given in this study, I g/d, was ten times the amount required to maintain tissue saturation in healthy man, but was given for only 3 d to subjects having, with one exception, a subnormal tissue concentration initially. The histological response obtained indicates a definite effect of vitamin C on collagen formation at all concentrations of LAA, but this effect cannot be equated with acceleration of wound healing without more cvidence. Granulation tissue may be stronger in thc presence of increased ascorbic acid concentration, but may not be produced any faster owing to the limiting effect of other factors, somc of which are listed above, and there may be others as yet unrecognized. A controlled trial in a large group of patients, involving serial measurements of the size of the sore, and the use of different dosages, will be necessary in order to demonstrate that slight ascorbic acid deficiency retards healing, that large doses of vitamin C accelerate healing, or both.
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